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Notes on earthquakes.—May 15, 4:27 p. m., very slight shock;
May 22, 9:19 p. m., tremors. In connection with the Mar-
tinique disaster, it may be noted that on the 11th and 12th
especially, and on many other days afterwards, sunrise was
accompanied by unusual red and purplish tints, which were
noticed not only at San Jose, but also at several other places
on the Atlantic slope.

THE WINDS AND RAINFALL OF NEW HAVEN.
By T. H. Davis, New Haven, Conn.
THE FREQUENCY OF WIND DIRECTION AS OBSERVED AT THE LOCAL
WEATHER BUREAU OFFICE SINCE ITS INSTALLATION IN 1873.

The general circulatory system of the atmosphere is subject
to laws that must be discovered by the discussion of continu-
ous observations. This iy particularly true of the great equa-
torial currents which flow away from the equator in the higher
strata of the atmosphere, and the corresponding great polar
currents flowing from the poles toward the equator in the
lower atmosphere. These currents do not travel in divect
paths parallel to the lines of longitude, as might at first be
supposed, but being perfectly free, the masses of air in motion
are subject to the effect of the rotation of the earth on its axis,
which causes a deflection of their direction to the right in the
Northern Hemisphere and to the left in the Southern Hemis-
phere.

These fundamental currents do not follow continuous
courses, but the joint result is the production of what are
known as the ‘¢ prevailing westerlies’’ near the parallels of
forty degrees north and south at the earth’s surface.

At southern stations in the United States and about the Gulf
of Mexico the prevalent winds have easterly components be-
cause of their close proximity to the northeasterly trades.

Cyclonie storms which cross this continent in an easterly or
northeasterly direction cause occasional winds of greater or
less intensity over distriets through which they pass, and these
may blow from any point of the compass, depending upon
whether the storm center passes through, or north or south of
the place of observation. These are factors of more or less
importance in determining the prevailing wind direction at
any point. Each is more marked in some seasons and in some
years than in others, and helps to account for the irregular
oscillations of the winds.

If we would embrace allinfluences liable either individually
or collectively to interfere with the general circulation over
New Haven, it would be proper to note that its location is
as follows:

(1) About 400 miles from the northern edge of the calms of
the Tropic of Cancer; (2)in the region of prevailing westerlies;
(3) about 300 miles northwest from the average path of the
centers of West Indian hurricanes; (4) about 150 miles from
the landward margin of the Gulf stream; (5) open to Long
Island Sound from southeast to south-southwest; (6) subject
to the effects of the Arctic current which is said to flow be-
tween the landward’ margin of the Gulf stream and Long
Island Sound.

Any or all of these circumstances may exert a more or less
marked interference with the winds that would normally pre-
vail at this point.

The topography of the surrounding country is also a factor
in disturbing the wind direction. Winds that blow toward
New Haven from the west, north, or northeast meet the Alle-
gheny Mountains of Pennsylvania, the Green Mountains of Ver-
mont, or the White Mountains of New Hampshire, respectively,
besides other minor elevations. These rugged eminences, to-
gether with their extensive valleys, in considerable measure
become deflecting influences on the wind’s direction. Insola-
tion and terrestrial radiation also exert influences by produ-
cing vertical currents, and these in their turn will materially
affect the direction. .
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Since New Haven is on the coast, winds coming to it from
the east, south, or southwest meet with scareely any obstrue-
tion, the only interference being such as is experienced in
their passage over the open ocean and the comparatively low-
lying land.

The deflecting effects of the topographical character of the
country in this vicinity are necessarily very small, but they
may possibly be helpful in the explanation of the oscillations
of frequency of direction.

One of the important factors to be considered in the inves-
tigation of the resultant wind direction for New Haven is its
close proximity to the open ocean, by reason of which marked
land and sea breezes are developed. These are particularly
noticeable during the summer months. On summer mornings
and evenings when the general atmosphere is free from ob-
servable motion there are distinct movements of large masses
of air near the earth, from the land to the sea and from the
sea to the land, respectively.

" Taking all these points into consideration it will be readily
perceived that we do not receive the true winds of the general
circulation of the atmosphere, but are favored with resultants
due to modifying influences. The directions of wind as ob-
served by Weather Bureau oflicials at New Haven from 1873
to 1900, inclusive, are shown in Table 1, which gives for each
year the percentages of wind frequency for each of the eight
points of the compass, the percentage of calms, and finally
the resultant directions for each year.'

TABLE 1.— Wind directions in percentages, and annual resultants.

. o o o . Resultant
Year. N. | NE. | K. | SE 8 | SW. | W. | NW. Calm. direction,
(-]
16,7 | 1.2} 2,2 55 (10,4 | 145 | 9.0 (20,0 | 10.4 w. 36 n.
16.4 | 11.2 | 25| 3.8 (13.4116.7 | 10.7 | 14,8 | 10. 4 w. 18 n.
20.0015.0; 3.6 41134148 |10.7 (148 | 3.6 w. 43
15,9 112.9 | 2.5 52 (131|170 | 9.3 (19.2| A2 w. 26 n.
1728 151 ) A 3811041200 631156 7.4 w. 40 n.
4.8 18,4 3.3 47 113.4 (153 (129]|16.7( 5.5 w. 24 n.
16,4 1126 | 2.7 41 (129|181 | 8.5(19.7| 4.9 w. 28 n.
175 | 11,0 | 25} 57 (178 | 14.8 11237159 3.3 w. 14 n,
18.9 | 15,6 | LO| 6.0113.7 151 | 9.3 12,9 6.6 w.42n,
18.4 | 14.2 1,9 B3 [ 129152101} 151 4.9 w. 33 n.
18,4 |13. 4 30| 631131173 9.0 156 | 3.8 w.31ln.
18111201 27! 5512911811110 145} 55 w. 20 n.
1.7 (10.7 | 3.3 | 3.8 | 148 | 142140 12.6.| 6.8 w, 9n.
12311720 8.3 | 6.3 | 14.5(12.9(13. 4| 140 | 6.3 w. 26 n.
18.2 (12,6 | 3.8 | 6.3 | 148|142 (13.1 | 15.1 8.8 w. 21 n.
175 112,31 3.0 57115156 | 11.8 1 15.9| 3.8 w.32n,
1.8 | 17.0 | 4.4 5.7 )13.4|158|13.0 | 17.3 | 2.2 w. 27 n.
12,0 [ 15.1 4.1 471150140 [ 1L.8 | 19.7| 8.7 w, 31 n,
1421 148) 3.8 66129189129 1159 1.0 w. 27 n.
15.1 | 145 1.9 6.8 9.9 148|181 117.0] 1.9 w. MW n,
1.0 | 17.8 | 386 68| 7.0 |17.3 [ 12.0| 13.4 .3 w. 55 n.
21,0 |15.1| 4.7 52| 9.6|19.7 123 | 11.8| 10 w. 38 n.
280 71 41| 82|145(15.1 | 13.4]13.7 .0 w, 2n,
244 | 86| 5.2 441126181123 | 145 .4 w. 30 n.
2.6 (129 25| 68| 10.1{17.5] 142140 .3 w. 33 n.
2200153 55 6.3 7134151123 10.4 .3 w. 53 n.
154 | 15.9 | 35| 52| 9.9 10.2] u4|17.2 8 w. 50 n.
20,0 (148 | 4.4} 41| 82 |19.5] 126 | 16. 4 .0 w. 41 n.
179 1 186 | 3.4 I 5.5 12.4 [ 16.4 [ 11.6 | 15.4 | 3.8 w. 31 n.

Table 2 shows the mean percentage of winds from each of
the eight points of the compass and the resultant directions
for each month of the year.

The components of direction are exhibited graphically in
figs. 1 to 4, and the resultant directions in figs. 5 and 6. In
fig. 7 are shown resultant directions for the four seasons.

These curves show very clearly the march of the various
winds during the year. From tig. 1 we see that the south
winds have a maximum frequency in July and a2 minimum in

1 From August 25, 1872, to October 31, 1879, observations were made at
7:35 a. m., 4:35 and 11:35 p. m., Washington time; from November 1,
1879, to December 31, 1884, at 7 a. m., 3 and 11 p. m., Washington time;
January 1, 1885, to December 31, 1886, at 7 a. m., 3 and 11 p. m., seventy-
fifth meridian time; January 1, 1887 to June 30, 1888, at 7 a. m., 3 and 10
p- m., seventy-fifth meridian time: July 1, 1888, to date, at 8 a. m. and
8 p. m. seventy-fifth meridian time. The resultant directions in Tables
1 and 2 are based on abservations of wind direetion only, and do not take
into account variations in the average velocity for different directions.—
Ep.
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December, while the north winds have their maximum in Jan-
uary and their minimum in June. The seasonal fluctuations
are much more marked in the south than in the north winds.
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north and west winds during the summer season. This is
partly due to monsoon influences, but no doubt the land and
sea breezes have an important effect.

TABLE 2.—Wind directions in percentages, and monthly resultants. P UAN. FEB. MAR. APR. MAY JUNE JULY AUS. SEP. OCT. NOV. DEC.
® i
2 Q . Resultant. &4 ’
Months. | N. | NE | E | SE | 8 [ sW. | W. | NW. | Calm, | Resultant o S =]
" > {
2 r
° L4 \\ 2z
21,04 | 15,81 [ L.62 | L94] 517 | 1451 {1678 | 18.71 | 355 | w. 49 ” S £
.| 20,00 | 15.00 [ 250 | .57 | 6.43 | 12085 | 13.58 [ 20.00 | 6.07 | w.53u A 7
20.83 | 13.55 [ 3.83 | 484 | 9.6%) 1162|1162 2065 | 3.83 | w. 55 n .
17.33 | 15.33 | 4.00 | 8.38 | 13.33 | 11.33 | 9.65 [17.33 | 3.36 | w.5in z
12,90 | 13.22 | 5,17 | 194 { 20.33 | 15.16 | 7.10 | 1033 | 385 | w. 72s ” — +
12,00 [ 9,00 | 466 | 10,00 [ 2200 | 19083 | 733 [ 1133 | 435 | w. 56 pn N 7
July ..ol 13.57 | 8.89|3.23 | b8l |27 2227 | 742 | 1259 | 415 | w35 7
August......[15.81 | 12090 [ 3.23 | 645 | 1807 [ 1904 | %30 | 1020 [ 482 | wl 15« s s, 2
sseptember...[ 16.66 [ 15.33 | £.00 | 533 | 1400 | 1366 | 833 | 13766 | L3 | w. 2 n s 5 e
October ..... 10.68 | 1451 | 3.23 | 420 | .71 |16.7% [ 12026 [17.10 | 353 | w.2n 7
November...[ 20,33 | 18.33 | 2,83 [ 2.66 | 6.99 ] 15.00 [ 15.33 | 17.66 | 2.37 | w.40n
December....[ 21.62 [ 14.51 | 0.65 | 1.61 | 4.81|17.42 | 17.74 {17242 | £19| w.d0n i
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The curves shown in fig. 2 are not so regular in character z = —
as those in fig. 1. The southwest winds have a decided maxi- s — =
mum in July and a minimum in April and the northeast winds s ‘ﬁ
a minimum in June and July with only slight variations dur- =

ing the remaining months of the year.
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Fic. 2.—Percentage curves of northeast and southwest winds, from
Table 2.

Fig. 3 shows a low percentage of east winds throughout the
year. West winds are frequent from November to January
and comparatively few fromn May to September; while north-
west winds, as shown by fig. 4, are frequent from October to
April and few from May to August. Southeast winds show &
decided maximum in May.

The striking feature of these curves is the increased fre-

PRECIPITATION AT NEW HAVEN,

F1a. 4.—Percentage curve of southeast and northeast winds, from

Table 2,
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Fi1a. 5.—Monthly resultant directions, 28-year averages, from Table 2.
CONN.,

1873-1900.
Precipitation in whatever form it may be deposited upon the

FOR TWENTY-EIGHT YEARS,

surface of the earth appears to be the most erratic and variable

quency of southerly winds and the decreased frequency of

quantity with. which we have to deal in the discussion of
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meteorological phenomena. The rainfall for New Haven, as
shown by the measurements taken at the local United States
Weather Bureau is apparently almost entirely dependent upon
passing storms. There are no high mountains to produce the
abundant precipitation that occurs in some other districts, and
proximity to the ocean does not appreciably increase its rain-
fall; since so large a percentage of the winds are from the
west or north. The discomfort oceasioned by high humidity,
fogs, and mists is, however, very generally attributed to its
marine position.
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F1a. 6.—Average resultant direction for each month,
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F1a. 7.—Average resultant direction for each season.

As a rule the cyclonic storms that develop in the northwest-
ern part of the United States cross this country in an easterly
direction, passing out to sea through the St. Lawrence Valley;
they usually bring rain to New Haven. Another class of storms
originates in the southwest. They travel in a northeasterly di-
rection and pass out to sea at a point between Cape Hatteras
and northern Maine; of these a goodly proportion pass over or
near New Haven, producing abundant rains. We also receive
a very fair share of rainfall from the so-called West Indian
storms.

In addition to the precipitation accompanying these storm

areas we are favored with frequent heavy showers of rain during
the hot summer months, which approach this point from the
northwest or the southwest, and are usually accompanied by the
well known thunderstorm phenomena. This no doubt accounts
for the fact that on the average for twenty-eight years July
proves to be the wettest month of the year in New Haven.

The annual average rainfall recorded at New Haven is 47.38
inches. It is quite possible that the actual rainfall is in excess
of this amount by from 5 to 10 per cent, since it has been shown
by long series of observations that a rain gage at a high ele-
vation generally collects less rainfall than one placed on the
ground. For this reason, Prof. Alfred J. Henry, in his excel-
lent memoir on the ‘¢Rainfall of the United States,’’ ? informs
us that:

In general it does not seem possible to avoid the conclusion that the
absolute amount of precipitation, as registered by the Weather Bureau
gages, falls short of the true amount by quantities varying from 5 to 10
per cenf of the annual.

The rain gage used in the observations at New Haven is
provided with a funnel 8 inches in diameter and the elevation
of the top rim of this funnel is 110 feet above ground or about
140 feet above mean sea level. The observer informs me that
it has not been moved from its present position on the roof of
the building where the local Weather Bureau is situated since
its installation in 1873; therefore, the results are eminently
reliable for that particular spot.

Table 3 gives a complete record of the amount of rain,
measured in inches and hundredths, for each month; the totals
for each year of the 28-year period under consideration; the
departures from the normal; and the average for the period
elapsing since 1872. This latter shows the necessify of a long
period of observations before the adoption of a mean. At the
bottom of the table are given the means for each month for
the entire period, which show that, on the average, July is the
wettest month and June the driest.

TABLE 3.—Monthly, annual, and average precipitation.

. . 3 @
S o) £ 51 E8 K ;é

el AR RE R AR A
. = = = - . = = g ] @ o LT
[ 3 & < | = o ¢ X = v | = & | o283
£ 8|5 |5 |5 |F|¢ Elg |8 |E|8 |8 |58

~ S| |A|4]2 |~ 7 || |lA|lal=-|Aa
7.42 8.45 L01] 4. 2, 2,12 6,18 i+ 9.68
S 20 8,87 134 7. A 4.07) 1. 8¢ + 8. 44
o 272 3.8 3134 3. 3 5| 2 10] 3. 18] 3— 336
1 59) £w)1015) 7.6 1.1 534 1.12 3|4 6.73
2,60 1.07] A 00 3. 8 1.13[10, 09 398
650 640 4 13 5. 5| 2, i 7,67 2.3 Im. 74
| 2 eul 30w| 5. 52 6 ) 44 213 141 314 8012
o 3075| acs0l 5.6x| 26 1.: 373 4.7 — 0.56
|70l 6o17)10.42) 1 5. 1.45] 2. 75 50| 3,94
| soon) 452 50! 1 3, 4 L1204 0,54
| w0l 500 164l 2 1.8 ) . O%i— 7. 92
| aea) 557 Las) 2 5. 1. + 195
o 4,05 3.15] 1.19) 2 1 0 — .05
. 353 5.95] 3.4 2 3— 5.06
14 Iy 2 95— 3.30
5. 43| 8. 16) 7. 45! 2.5 7. By 9|12 88
47 20w 1 | 81 & 5| 401 . 2511 12, 40
7] 3,14l 6.0l 2 kel 1024 30 538 7. .1l 1,57
6.77) 55| 5,68 235 1,99 1. 314 304 L6 3 . 92| — 2. 69
5.30] 158 307 1.31| 5.11| 2. Lol 1,51 0. i| 1. . 31/— 9,60
| 3. 17] 6.22) 4. 50) 384 7,05 20 458 224 4 32 . 19/— 0,67
R I T R Rt 1.70] 1 63 6. 3| 3.33): 67— 9.64
| 513} 0.ve 2238) 3111] 1.70] 2. 3.91 2,51 3.1 1.01f: 11| —11. 42
1w 5.65| 5.1 1.19| 3. 67 2 i 2 57] 3042 2 2. 40[38 71]— 8.9
| 3.55( 2.00] 5.60] 2041 5.08| 2 5 wos1| 20 42] 1,25 5.72] 5 61 10, 51
| 3. 08) .55 2541 1.43! 8 03l 0. vl 665! 2,80l 7,920 & enl 211 53.7:43.331 634
o[ 1.33] 3.39) 7.25 1.79] 2.52) 2150 417 063 3.4 1. 75| 1.89] 1. 5G/35. 28147, 55|12 10
- 3.60] 6.30( £.21] 1.5 3.30] 1.79) 2. 2% 0.90] 2. 10 203 4 14| 2 1434, 53 47, 33/—12. 55

Means | 4.20) 4.17) 4 44| 3.30| 3.51| 2. 70! 5 19] 4. 53( 3.53] 3.57| 3.04) 3.31]47.38

Some precipitation was recorded during every month of the
entire twenty-eight years, the nearest approach to zero being
0.18 inch in May 1887. On a few other occasions the precipi-
tation was considerably below one inch, viz:

August, 1882, 0.26 inch; September, 1885, 0.77 inch; No-
vember, 1890, 0.67; June, 1894, 0.49 inch; June, 1898, 0.21
inch.

3 Weather Bureau Bulletin D, p. 9.
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Fia. 8.—Annual precipitation and resultant direction of all winds observed at New Haven, Conn.

On the other hand the maximum falls for any month were
as follows:

August, 1874, 12.99 inches; March, 1876, 10.15 inches;
July, 1876, 11.05 inches; October, 1877, 10.09 inches; Maxrch,
1881; 10.42inches; September, 1882, 13.43 inches; July, 1889,
17.08 inches; July, 1897, 16.63 inches.

The total amount of precipitation for the entire twenty-eight
years was 1,326.74 inches, and the percentages for each month
during this period were as follows:

January, 8.87; February, 879; March, 9.38; April, 6.96;
May, 8.03; June, 5.88; July, 10.97; August, 10.19; September,
7.45; October, 8.18; November, 8.33; December, 6.98.

Adopting a seasonal division we have for twenty-eight
years—

Season. Total Percentage. | Average.

Inches. Inches,
Spring months . 323. 37 24.37 11.55
Summer months 358. 7% 27.04 12,581
Autump months 317. 63 23,94 11,34
Winter months, 326.96 24, 65 11, 6%
D 1,326. 74 100, 00 47. 35

It will be observed that for New Haven the summer months
show greater precipitation than any other part of the year.

In fig. 8 I have plotted the rainfall for each year from 1873
to 1900 to ascertain if there is a periodicityin the fluctuations
of the amount. The resulting curve does not establish any
such periodicity. Comparing it with the resultant curve for
wind direction at New Haven in the same figure, it will be
noted that there appears to be only a slight relation between
the two. This is a subject for further investigation, however.

EARLY RAINFALL RECORDS.

During the writing of this paper, Prof. Willis L. Moore,
Chief of the Weather Bureau, very courteously supplied me
with a copy of records of precipitation at New Haven for a
continuous period of eighteen years (with the exception of
August 1805), commencing nearly one hundred years ago, viz:

1804-1821. These interesting records are shown in Table 4.°

TABLE 4.—Monthly and annual precipitation, 180.4-1821,

& ! £ ‘ g B
) o) = : =

Year, § g = . 3 g fg ) a3l g

SlElE |8 || 8] s .gc‘&g!;

) G = ] 2 . B

S| &2 |4 |2 | A& |E ¥|d8la|ai&
47| 298| 412 560 2,40 | 3,92 £90 607 32132 590
693|195 2w | 25 371 | 0,88 1.05 [ 6,75 | 3.20 [ 410 0,80
320 | 1.7 | 1,67 | 290 1.50 | 3,60 5.60 | 0.70 | 6.15 | 2080 | 38 61
1380 T80 1 3.9 475 2,43 1 4,32 1.5211.4511.45 | £10 | 4532
438|285 270 | nos 1,08 | 855 £37 | 204 [ 200 | £50 | 49,90
a0 3| 242 3 | 434 | 481 0.14 | 512 | 2,30 | 7.30 [ 44.55
AR AT 7181 | £17 | 6.s8 1.55 (203 | s34 | 1058 | 39 10
Jase el e 3| 183 | 180 | 5.2 1.88 | 5.44 | 4.37 | 5,96 | 47.66
L 466 | 428 Lus | 832|851 | 542 410 .50 ] 4451 3.08 [ 323 | 4417
4540 1,351 5360 3.68 | 7.u3 | 417 | 4.04 4,92 | 5.8 [ 3.01 [ £10 | 5340
Jneol7es 3711 a8 |62l s00| 708 a2l 175 5606
4809233 5270 3.07]3.87 356! 6.0 9,79 1 0.68 | 2.19 ' 3.63 | 5064
3.08 1 5,45 [ 2,45 12,72 | 2,51 | 3.67 | 1.15 5.65 14281 . 0.85 [ 3800
250 487 (8,27 2.8 [1.30 | 5,90 {246 2.74 | 1.15 [ 5.39 - 3.64 | 4338
90 230 | L004.67 (636 240305 579 | 1.22 [ 1.53 | 2.08 | 3%.02
516 560 lso1las Te|ry 3.46 1,261 065 2.35 | 33 80
367 [ 5.36 0086 [ 5.97  0.98 | G2 2.2 880|500 34846010
5.28 | 282 | 4.70 3.-1-1|4.ﬂl) 1.71 474|511 4.-1s|:z.97 H. 54
Means. 358'|38u 3.44{3.30 4.09i3.su 4.27'|3 3.8(!13.58 3.u4|.149 44,20

1

. *Tho‘rflcc.-rtl for Augnst, 1805, is missing. T have inserted for this month the mean for
e period,

For this period the average annual precipitation is only 44. 30
inches, which is 3.08 inches less than the mean derived from
the observations for 1873-1900. The extremes of precipitation
are less marked than in the recent period, the greatest monthly
amount being 9.79 inches in September, 1815, and the lowest
0.65 inch in November, 1819.

These records were taken at an elevation of 45 feet, nearly
100 feet nearer mean sea level than those of the 28-year period.
If we grant that the rain gage used and the methods of measure-
ment were as correct as at the present time, it appears that the
precipitation in the early part of the last century was less than
now, but had much the same character.

3This table is a part of the series, 18(4-1829, by Professors Loomis.
Olmstead, and others, the means for which are given in Schott's Precipi-
tation Tables, 1872. From 1822-1829, inclusive, the records for many
months are missing.—Ed.



